In this paper, the modification of the homotopy perturbation method (MHPM) Zaid M. Odibat (Appl. Math. Comput. 2007 ) is extended to derive approximate solutions of the nonlinear coupled wave equations. This work will present a numerical comparison between the modification and the homotopy perturbation method (HPM). In order to show the ability and reliability of the method some examples are provided. The results reveal that the method is very effective and simple. The modified method accelerates the rapid convergence of the series solution and reduces the size of work.
Introduction
To find the explicit solutions of nonlinear differential equations, many powerful methods have been used. The homotopy perturbation method (HPM) [1] was first proposed by . The applications of the HPM [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] have appeared in a lot of researches, especially during recent years, which show that the method is a powerful technique for studying the numerical solutions.
Motivated by the above works [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] , we would like to extend the application of the MHPM [11] to the nonlinear wave and system of nonlinear wave equations. This modification demonstrates a rapid convergence of the series solution if compared with standard HPM and, therefore, it has been shown to be computationally efficient in several examples in applied fields. In addition, the modified algorithm may give the exact solution for nonlinear equations by using one iteration only. The obtained results suggest that this method introduces a powerful improvement for solving systems of nonlinear problems.
In this subsections , we will present a review of the HPM and the MHPM [11] .
Homotopy perturbation method
The Principles of the HPM and its applicability for various kinds of differential equations are given in many records [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . Consider the nonlinear differential equations
with boundary conditions
The He's homotopy perturbation technique defines the homotopy , : Ω × 0,1  R, which satisfies
where  Ω and  [0, 1] is an embedding parameter, 0 is an initial approximation which satisfies the boundary conditions and n is the unit outward normal of Ω. Obviously, from Eqs. 2 and 3 , we have
The changing process of from zero to unity is just that of , from 0 to ( ). In topology, this so-called deformation, − 0 and + − are homotopic. The basic assumption is that the solution of 2 and 3 can be expressed as a power series in :
The approximate solution of 1 , therefore, can be readily obtained :
The series 7 is convergent for most cases, and the rate of convergence depends on = + 17 .
The modified form of the HPM
The modified form of the HPM can be established based on the assumption that the function can be divided into two parts, namely 0 and 1 ,
According to this assumption, = 0 + 1 , we can construct the homotopy , : Ω × 0,1  R , which satisfies
or Here, a slight variation was proposed only on the components 0 and 1 . The suggestion was that only the part 0 be assigned to the zeroth component 0 , whereas the remaining part 1 be combined with the component 1 . If we set 1 = ( ) and 0 = 0, then the homotopy 9 or 10 reduces to the homotopy 2 or 3 , respectively. However, the success of the method depends on the proper selection of the functions 0 and 1 . The standard HPM(SHPM). By using Eq. 3 , a homotopy can be readily constructed as follows : In this manner, the remaining components of the homotopy perturbation solution can be obtained. The approximate solution of Eq. 11 obtained by means of 3-terms, is as follow :
Applications
Figs. 1 and 2 show the exact and approximate solutions by SHPM. The modified HPM. In view of the homotopy 10 , we construct the following homotopy The standard HPM. By using Eq. 3 , a homotopy can be readily constructed as follows: 
Substituting (6) into (15) and equating the terms with identical powers of p, we have ., … In this manner, the remaning components of the homotopy perturbation solution can be obtained. This term clearly indicate that homotopy perturbation method does not obtain efficient result to exact solution. Figs. 3 and 4 show the exact and approximate solutions by SHPM. The modified HPM. In view of the homotopy 10 , we construct the following homotopy .
The standard HPM. By using Eq. 3 , a homotopy can be readily constructed as follows: The modified HPM. In view of the homotopy 10 , we construct the following homotopy Consequently, solving the above equations, the first few components of the homotopy perturbation solution for Eq. 17 are derived as follows:
The exact solution , = − +2 follows immediately.
Example 4. Consider the coupled system
The exact solution of this system is
The standard HPM. We construct the following homotopy: 
⋮
Continuing this process, we find the three-term approximation as Figs. 7, 8, 9 and 10 show the exact and approximate solutions by SHPM. .
The modified HPM.
We construct the following homotopy
